BEST AVAILABLE COPY 

PATENT SPECIFICATION 

NO DRAWINGS 

1,146,036 

Date of Application and filing Complete Specification: 2 May, 1966. , 
No. 19181/66, 

Application made in Germany (No. 68/705 X/39a2) on 3 May, 1965. 
Complete Specification Published: 19 March, 1969. 
© Crown Copyright 1969. 



Index at acceptance: — B5 A(1R14C1A, 1R14C1C, 1R14C1X, IR14D, 1R20, 1R100); B5 N(17Y, 20X, 
20Y, 68X, 178, 192, 214, 228, 242, 250, 254X, 255X, 262X, 265X, 266X, 267X, 
268X, 270X, 273X, 277X, 280X, 282X, 283X, 285X, 286X, 290X, 
293X, 297X, 344, 346, 353, 354, 555, 582, 583, 670, 679, 682, 687, 690, 706, 
707,708,750,758,774,798) 

Int. d:—B 29c 17/00 

The inventors of this invention in the sense of being the actual devisers thereof within 
the meaning of Section 16 of the Patents Act, 1949 are: — Rudolf Gaeth, Rudolf 
Ilgemann and Roland Linke, citizens of the Federal Republic of Germany, residing, 
respectively, at 10 Weinbietstrasse, Iimbergerhof/Halz; 18 Neuwiesenstrasse, Ludwigs* 
hafen/Rhein; and 35 Hegelstrasse, Weinheim/Bergstrasse; Federal Republic of Germany. 

COMPLETE SPECEFICATIQN 

Production of Shaped Articles of at least One Thermoplastic 
Material reinforced with at least One Fihrous Material 

We, Badische Anilin- & Soda-Fabrik material in the webs but below the softening 
Aktiengesellschaft, a German Joint point of the or each- fibrous material therein 
Stock Company, of Ludwigshafen/Rhein, and the webs are shaped together in super- 
Federal Republic of Germany, do hereby de- posed layers under pressure in the shaping 35 
5 clare the invention, for which we pray that means which has a temperature below the 
a Patent may be granted to us, and the softening point of the or each thermoplastic 
method by which it is to be performed, to material 

be particularly described in and by the follow- Preferably all the webs are composites, 

ing Statement: — composed of a thermoplastic material rein- 40 

10 The present invention relates to the pro- forced with a fibrous material. The com- 

duction of shaped articles of at least one posites may be all alike but preferably at 

thermoplastic material reinforced with at least two of the composites differ from one 

least one fibrous material. another as to the thermoplastic material or 

According to the present invention there is the fibrous material or both. Thus, for ex- 45 

15 provided a process for the production of ample, a composite of polyvinyl chloride and 
shaped articles comprising at least one fibrous long glass fibres may be processed with a 
material and at least one thermoplastic composite of polystyrene and a textile non- 
material, wherein a plurality of discrete webs woven fabric. 

are provided, one web being composed of a Composites of fibres and certain thermo- 50 
20 thermoplastic material reinforced with a plastics may be processed into mouldings by 
fibrous material and - the remaining web the process according to this invention. Suit- 
or webs being composed of a thermo- able thermoplastics are those having a tor- 
plastic material reinforced with a fibrous" sional modulus according to DIN 53445 of at 
material, a non-reinforced thermoplastic least 1000 kg.sq.cro. Thermoplastics of this 55 
25 material or a fibrous materiaf free from type are, particularly, vinyl polymers, such 
; thermoplastic material, the or each thermo- as polystyrene, copolymers of styrene with 
plastic material having a torsional modulus other comonomers, particularly with aerylo- 
according to DIN 53445 of at least 1000 nhrile, polyvinyl chloride and vinyl chloride 
kg/sq.cm, the webs are heated outside a copolymers. Alternatively, high pressure poly- 60 
30 shaping means to a temperature above the ethylene, low pressure polyethylene^ polypro- 
softening point of the or each thermoplastic pylene, copol^ers of ethylene and propy- 
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lene, polymethyl methacrykte, methacrykte 
copolymers and acrylate copolymers may fee 
used. Polyaddition products and condensation 
products, such as polyamides, for example 
5 polycaprolactam, homopolymers or copoly- 
mers of other lactams or hexamethylene adip- 
amide, and polycarbonates are also rateable 
for the process. It is essential that these 
thermoplastics have a torsional modulus (as 
10 defined above) of at least 1000 kg/sq.cm. 

Fibrous substances according to this in- 
vention include fibres, woven fabrics and 
knitted fabrics. Endless filaments, flog 
divers, felts, mats and non-woven fabrics 
15 are also suitable. These fibrous matenah ; m ay 
be of organic or inorganic nature. Examples 
of suitable materials are t^™*>"£ 
wool, asbestos and all types of textde fibres, 
for sample wool, cotton and synthetic fibres. 
20 MaSs having rektr^ly long fibres for 
example of 10 mm or more, are preferred^ 
thYcase of flat shapes, the elementary fibres 

^mpSnTare first prepared from the 

25 fibrous material apd the thermopksuc 
material by conventional methods such as 
cnatine impregnation or soakmg the fibres 
fKKes with the molten thermo- 
plastics. It may be advantageous for .example 

30 ?o coat or impregnate a web of glass fibre 
batting or random-distributed shvers con- 
tinuously on a support using an extruder hav- 
h£ a* sheeting die. The coated web advan- 
Sfeousty has a thickness such that it may 

35 be wound up. The proportion of fibrous 
material may be 10 to 90%, P*^ 1 ^™ 
50% by volume of the whole mixture Homo- 
poSners, copolymers or mixtures of different 
Soplastta may be used for coating ; the 

40 ibres. It is also possible to use additives, 
such as pigments, flame retardants, ano- 
Scs, luSts, slip additives, stackers 
or filters, such as carbon black or chalky m 
such amounts that adequate flow of die titer 

45 moplastic on heating is retained. The tiier 
monastics themselves, which are partly or 
wholly heated above then- softening pomt m 
further processing, should content jttfc ■<* 
no residual monomers and should have little 

50 or no crosslinking. 

Since coating of flat fibrous structures may 
be carried out continuously at yery high 
speeds, it is advantageous to cool ihe coated 
vJebs and to store them. It has been found 

55 that these composites, even when they con- 
sist of thermoplastics which are rigid at room 
Sperauire, Li be rolled up. It is then 
possible to take from the stock any number 
of webs (which ma y be different as regards 

60 both thickness of the coating and composi- 
tion), to heat them again m one operation 
and to shape them as described above into 
semi-finished goods or finished products. 
For the final shaping, the webs are heated 

65 to a temperature above the softening pomt 



of the or each thermoplastic material m the 
webs. In some cases it is sufficient for only 
the surfaces of the coated webs to be raised 
above the srftening point of the or each 
tiSopkstic nSaL The webs should uot, 70 
however, be heated to a temperature at which 
the fibrous material or materials present are 
softened or damaged. Heating to a tempera- 
te above the softening pomt of the thermo- _ 
plastic material or matenak may be earned 75 
out by conventional methods; for example a 
reinforced composite formed with fibres may 
be heated in a heating zone provided with 
infrared heating. It is also possible to use a 
Seating tunnel or contact heating ortfaeHke -80 
The webs which have been heated outside 
the shaping means to a temperature ateve 
the softening point of the or each thermo- 
olastic material are then brought into the 
Cngmeans in which they together receive 85 
thek filial shape. It is essential that the stap- 
Sg means is at a temperature which is Mow 
fh! softening point of the or each to 
plastic material. Examples of suitable ^Japing 
- units are peso, rollers or pressure : bdts. *> 
The particular advantage is that it is poss- 
ible to use not only for example, conventional 
heatable moulds used for plastics materials, 
Kako cold press moulding eqmpment .such 
as is used for processing sheet meal, so that 95 
an ^xJremely short operating cyck is possible 
ifk also within the invention to use one 
or more webs composed of fibrous materials 
whkh arT not provided with thermopkstic 
mXak, for example non-woven fabrics, 100 
knitted fabrics, or woven fabnes, as saffen- 
Sg material, or one or more webs of sheet 
thermoplastics material wmch is not rein- 
forced, in addition to the web or webs of 
fibre-reinforced thermoplastics material Metal 105 
fafltaS may also be included as soffenmg 
rmterkl. In tiie production of mouldmgs it 
is sometimes advantageous to prestress one 
or more of the composites and to allow die 
final moulding to cool whde maintaining the 110 

^The'foflowinjr Examples wfll illustrate the 
invention. 

Example 1 ■ 
Production of a chair seat: "5 
An open jute fabric (sacking) having a 
weight of 300 gm/sq.m. is coated on one side 
in an. extruder having a sheeting .die with 
300 gm/sqjn. of polyethylene (density 0.960 
gm/ccT MI 2 =1.5, torsional modulus 11,000 120 
kg/sq.cm), so that anchoring occurs at the 
surface. The material obtained k rolled up. 
(MI 2 =melt index according to ASTM 
D 1238—62 T). . ... 

Using the same eqmpment, unbleached cot- 
ton having a weight of 150 gm/sq-m^is 
coated on one side with 500 gm/sq.m. of a 
mixture consisting of:— 
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100 parts of polyvinyl chloride, K value 55 
4 parts of organotin stabiliser 
1 part of lauryl alcohol 
1 part of titanium dioxide and 
5 0.5 part of phthalocyanine blue 
and rolled up. 

Sections are prepared from the coated 
fabric in the shape of the chair seat to be 
prepared. 

10 Two plies of the jute fabric coated with poly- 
ethylene and one ply of unbleached cotton 
coated with PVC are passed through an 
electrically heated tunnel and heated to a 
temperature of 190 P €±5°C; The sections 

15 are then piled up one upon another, the un- 
bleached cotton forming the uppermost layer 
and each layer having its coated side upwards, 
and are placed in a press. The press is then 
closed at a speed of 0.5 m/sec. The tem- 

20 perature of the mould is kept at 40°C±10° 
C. The moulding pressure is 0.5 kg/sq.m. 
and the moulding time is three minutes. 

A chair seat is obtained consisting of a 
homogeneous composite of the textile rein- 

25 forcement and the thennoplastic materials. 
The chair seat is resistant to weathering and 
has high elasticity and stiffness. 

Example 2 
Production of a corrugated sheet: 
30 A glass cloth having a width of 1 m and 
a weight of 200 g/sq.m. is coated on one side 
on a conventional four roll calender with a, 
mixture of: 
100 parts of a copolymer of 85% of vinyl 
33 chloride and 15% of vinyl acetate 

with a K value of 47, 
which contains: 
4 parts cf organotin stabiliser and 
1 part of lauryl alcohol 
40 and has a torsional modulus of 11,000 kg/sq. 
cm. in an amount of 200 gm/sqjn.. An 
identical glass cloth is coated on one 
side with an identical mixture in an amount 
cf 700 gm./sqjn. The two composites may 
45 be rolled up as usual and stored. 

A calendered film having a thickness of 
C.15 mm is prepared from the same mixture 
by a conventional method. 
To prepare the corrugated sheet, (a) the film, 
50 (b) the glass cloth with the 700 gm./sqjn. 
coating, fabric side upward and (c) the glass 
cloth having the 200 gm/sq.m. coating, fabric 
side upward are passed continuously together 
in the order (from top to bottom) (a), (b), (c) 
55 between infra-red lamps so that the film is 
heated to 160° C and the two coatings to 
185°C. 

At these temperatures the three plies are 
supplied to a continuous shaping unit consist- 
60 ing of a drum with an endless belt three- 
quarters of the way round (i.e. in principle a 
unit such as is conventionally used for vul- 
canising endless rubber bands) both the drum 
and the belt being provided with interengag^- 



ing sinusoidal steel sections parallel to the 65 
axis of rotation. Two sections have a total 
height of 30 mm and the distance from crest 
to crest is 100 mm. They are kept at 60°C 
by suitable cooling means. The endless belt 
is forced onto the cylinder in a conventional 70 
mariner by hydraulic pressure of. 600 atmos- 
pheres acting on a deflecting roller. The peri- 
pheral speed of the cylinder is regulated so 
that the moulding and cooling time of the 
composite is 100 seconds. 75 

lie resultant endless sheeting corrugated 
transversely is translucent, weather resistant 
and non-inflammable. Owing to the trans- 
verse corugations it may be rolled up with a 
diameter of 1.80 m. The rigidity parallel to 80 
the corrugations is so great that the material 
may be walked upon when used as roofing 
and supported at intervals of 0.3 m. The 
weight of such roofing is only about 1.65 
kg/sqm 85 

Example 3 
Production of an angle section: 
Glass filament cords having a weight of 
300 gm/sq.m. are coated in an extruder hav- * 
ing a sheeting die with 200 gm/sqjn. of a 90 
copolymer of styrene and acrylomtrile so that 
the weftless warp filaments are fixed. It is 
immaterial whether the individual yarns are 
completely impregnated or only "stuck" in 
place. It is sufficient that the composite ob- 95 
tained can be rolled up after it has cooled, 
without disintegrating into individual fila- 
ments. 

The copolymer of 65 parts by weight of 
styrene and 35 parts by weight of acrylorittrile 100 
has a K value of 55 and a torsional modulus 
of 13,000 kg/sq.cm. A glass cloth having a 
weight of 150 gm/sq.m. is then coated on one 
side with 100 gm/sq.m. of the same copoly- 
mer on the same equipment and then rolled 105 
up. 

Ten coated cord webs and eleven coated 
cloth webs are passed at the same time 
through a tunnel in which infra-red lamps » 
are arranged one above another, and pass 110 
between the lamps so that cloth and cord 
alternate with cloth webs as the uppermost 
and lowermost webs, and each web is heated 
individually to a temperature of 240°C+ 
10°G ^ - us 

At this temperature the webs are supplied 
to a shaping unit consisting of two shaping 
chains running in the same direction. Each 
shaping chain consists of a number of segments 
which have, parallel to the direction of rota- 120 
tion, a multi-angled section L30X4 (accord- * 
ing to DIN 1028) having sides 30 mm long 
and 4 mm thick. The segments are mounted 
laterally in such a way that a pressure of 3 
kg/sq.cm. can be applied to them. The shsu> 125 
ing segments are kept at 25 P C The running 
speed is regulated so that a moulding and 
cooling time of 150 seconds results. 
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As they are fed to the "endless press 1 , the 
cord webs are held under longimdmal tension 
cf 50 kg/sq.mm. of the individual filaments, 
and the cloth webs under a tension of 03 
kg/sq.cm. of web width. 

Depending on the web width of the 
material supplied, a number of angle sections, 
£ined togete, are obtamed which can be 
parted ouVde the press by means of rotary 
cutters. 



30 
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40 
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50 



55 



60 



maximum prepieg of the non-woven fabric is 

obtained. , . . „ . „ 

The web obtained is wound spirally onto a 
sheet metal cylinder so that the turns he 
flush against each other The wall of the 
cylindefand the web supplied to it are heated 
5 an infra-red lamp. The ;web ^ should be 
kept at a temperature of about 24U C. 

The cylinder wall is not heated as long as 
web has not been wound onto it It » only 

m r~ t L/. n Uaan arvPIIIPTl thai" LQC 



u.«a* — — - we b has not -oeen wuuuu, www ~ — ^ 



The angle secuuus ^ «~ — ; , - . 

,|1 i mB J, 0 f 30 mm are corrosionproof and 
K SSoml modulus of 70,000 kg/sq.cm. 
STa Sk strength of 2500 kg/sq.cm. 

Example 4 
Production of a mudguard: 



when tne nrst layer iwo »t- rr - — - 
lamp is switched on and provision is made 
for die surface of the web already wound on 
to be heated to a temperature of 230 U 

The cylinder which at first forms the core 
for the wound article consists of a cylinder 
of sheet metal slit longitudinally. The two 
longitudinal edges are feed together by a 
clamping means- When the damping means 
has been loosened, the sheet .metal core may 



or hvv g/»4~"*- ^ 7X7/1° nf fiKres of Iras been lOOSenecL tne sneei. maai 

of glass fibres and 40% br ^g^g? as SSfta removed from the wound tube. The 

a copolymer of styrene and ^onraiK e^ y ^ the manner des- 

described taa-2f jO "** gffrom cSed and a coolKessure roller is apphed 



SeTa- fiores^eTare entirely free from 

fabric is coated on one 
25 side with a polvmethacrylate, K value 60, 

InoTlW bv weight of titanium dioxide and 
03% W wdght of Indian red through a 
sneeting die arthe rate of 150 gm/sq.nL Two 
tS then cut from, the ^d n,n- 
woven fabric and one section from the coated 
Ton-woven fabric, each section having a shape 
corresponding to the mudguard to be pre- 

Pa ¥he sections pass ^f*^*^ 
which they are heated to 220 G±10 <- 
SsStions, the coated section being at the 
top, are placed simultaneously into a con- 
ventional car body press and pressed. The 
mould of the car body press is kept at a tem- 
P^Tture of about 70/C. The moulding tune 
IT two minutes. After removal from the 
mould, a mudguard is obtained, which ex- 
hibits a good finish corresponding to the 
polish of the die. It may be «w«l «J; 
out aftertreatment. The mudguard has a long 
life because it is corrosionproof. Its high 
dastidty prevents denting. 

Example 5 
Production of a container: 
The container consists of a tubular middle 
section and two ends, which are made separ- 
ately omy the production of the end pieces 
fafls within the process of the invention. 
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fa") Production of the tubular fflJtt «w 
Commercial non-woven glass fabric hay- 
ing a wdght of 500- cm/sq.m. and a width 
of 300 mm is coated on one side with a 
copolymer of styrene and acrylomtrile (as 
S in Example 3) with 1% by weight 
of cadmium yellow at a rate of 300 gm./ 
sq.m. The coating is carried out so that 



weo is wouna spuaujr ^ — — — - 

cribed and a cooled pressure roller is applied 
with a pressure of about 200 kg. Successive 
layers are applied staggered by about half 
the width of the web and wound in the oppo- 
site direction. After four layers have been 
applied in this way, the core is removed.and 
the closing ends with their corneal edges, 
produced as described in part b) below, are 
placed over the cyliindrical section. 

More of the hot web is then wound spur- 
ally on to the newly formed cylindrical ooay 
the direction of the spiral winding being across 
the original windings, until the cylindrical 
portion consists of a total of fifteen layers. 
The webs are wound over the ends to such an 
extent that the web engages somewhat over 
the curvature of the ends in order to make 
an absolutely reliable bond. 

(b) Production of the ends: 
Circular sections are cut from the above- 
mentioned non-woven glass fabric, the sec- 
tions being graduated in diameter. The largest 
diameter corresponds to the external dia- 
meter of an end, and dlowance should be 
made for the fact, during the pressing the 
non-woven glass fabric is drawn, i.e. shaped. 
The other layers are graduated as described 
and made smaller to such an extent that there 
is a 50 mm bevel between the cyhndncal 
part and each of the ends. A total of fifteen 
such graduated circular sections are prepared 115 
and heated in a tunnd oven at 230 C 

The hot sections are superposed, m 
sequence and moulded with a pressure of 3 
kg/sq.cm. in a press of conventional design. 
The temperature of the mould is 40 C and 
the moulding time is six minutes. After re- 
moval of the press, the bevd may if necess- 
sary be ground. 

Example 6 
Production of a household tray: 
A printed cotton cloth is coated on one side 
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with a polymethyl methacrylate (as described 
in Example 4) and in the same way an un- 
bleached cotton cloth is coated on one side 
with a standard polystyrene having a K 

5 value of 66 and a torsional modulus of 12.500 
kg/sq.cm. Sections are prepared from the 
composite having the size of the finished 
article, and these are brought to a tempera- 
ture of 270 P C. in an electrically heated 

10 chamber. For the preparation of a tray, a ply 
of printed composite material is introduced 
into a press with two plies of the unbleached 
cotton composite material each ply having 
its coated side uppermost, so that the printed 

15 cotton forms the uppermost layer. The trays 
are produced at a pressure of 4 kg/sq.cm. 
The moulding time is not more than two 
minutes. 

Example 7 

20 Production of a cover plate: 

A glass fibre fleece having a weight of 
450 gm/sq.m. is provided on one side with 
a layer of 5 mm in thickness of powdered 
styrene/acrylonitrile copolymer having a K 

25 value of 56 and a torsional modulus of 
13,500 kg/sq.cm. The copolymer is sintered 
onto the glass fibre fleece by heat treatment 
at 190° to 220°C 

Sections are prepared from the coated web 

50 in the size of the intended finished product 
Four sections are superposed each with its 
coated side uppermost and brought to a tem- 
perature of 220° C in an electrically heated 
tunnel. Then the sections are placed in a 

35 mould which has a ternperature of from 20° 
to 40°C and shaped into a cover plate with 
a pressure of about 6 kg/sq.cm. for five 
minutes. 

WHAT WE CLAIM IS: — 

4fl v 1. A process for the production of a shaped 
article comprising at least one thermoplastic 
material and at least one fibrous material, 
wherein a plurality of discrete webs are pro- 
vided, one web being composed of a thermo- 

45 plastic material reinforced with a fibrous 
material and the remaining web or webs be- 
ing composed of a thermoplastic material 



reinforced with a fibrous material, non-rein- 
forced thermoplasic material or a fibrous 
material free from ±ermoplastic material, the 50 
or each thermoplastic material having a tor- 
sional modulus according to DIN 53445 of at 
least 1000 kg/sq.cm., the webs are heated 
outside a shaping means to a temperature 
above the softening point of the or each ther- 55 
moplastic material in the webs but below 
the softening point of the or each fibrous 
material therein and the webs are shaped to- 
gether in superposed layers under pressure 
in the shaping means which has a tempera- 60 
ture below the softening point of the or each 
thermoplastic material. 

2. A process as claimed in claim 1 wherein 
each of the webs is composed of a thermo- 
plastic material reinforced with a fibrous 65 
material. 

3. A process as claimed in claim 2 wherein 
two of the webs differ from one another in 
the thermoplastic material or the fibrous 
material or both. 70 

4. A process as claimed in any of claims 
1 to 3 wherein the fibrous material in at 
least one of the webs is made of glass. 

5. A process as claimed in any of claims 

1 to 4 wherein the proportion of fibrous 75 
material in the webs composed of thermo- 
plastic material reinforced with fibrous 
material is 10 to 90% by volume. 

6. A process as claimed in claim 5 where- 
in the said percentage is 15 to 50%. 80 

7. A process as claimed in any of claims 
1 to 6 wherein one or more of the webs are 
prestressed and the tension is maintained until 
the shaped article has cooled. 

8. A process as claimed in claim 1 carried 85 
out substantially as described in any of the 
foregoing Examples. 

9. Shaped article when obtained by the 
process claimed in any of claims 1 to 8. 

J. Y. & G. W. JOHNSON, 
Furnival House, 
14—18, High Holborn, 
London, W.Cl, 
Chartered Patent Agents, 
Agents for the Applicants. 
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